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Overview & Motivation
§ The search for signs of life beyond Earth.

§ Perform chemical analyses on planetary 
samples to characterize any organic 
molecules present. 

§ Interesting targets:
§ Amino acids
§ Carboxylic acids

§ GC-MS:
§ High TRL and ideal for volatile species
§ Limitations for non-volatile organics
§ Derivatization & pyrolysis

“… the influence of the mineral matrix and chemical
composition on organic compound derivatization, [..], will
likely be a major constraint in the ability for SAM to detect
amino acids and carboxylic acids.” Stalport et al. (2012)
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Overview & Motivation
§ Promising way: Liquid-based 

extraction!

§ Previous Systems:
§ Low TRL
§ Manually operated
§ Not validated in a relevant end-to-

end scenario

§ Here we present first automated and 
remotely operated SCWE, validated on 
test rover in Atacama Desert.  
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ALExIA: Automated Liquid Extractor for In-Situ Astrobiology

!
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Subcritical Water Extraction (SCWE)
§ Extraction principle: Water is superheated and 

pressurized to keep it from boiling.

§ Liquid water greatly varies its dielectric 
constant as a function of temperature and 
pressure.

§ Cells are lysed, proteins are hydrolyzed into 
peptides and amino acids, and bound 
molecules can be cleaved from mineral matrix

§ Efficient extraction of a variety of organic 
compounds using a single, nontoxic, and 
environmentally benign solvent: water.

Teo, C. C., et al. (2010). Journal of Chromatography A, 1217(16), 2484–2494.
Smith, R. M. (2002). Journal of Chromatography A, 975(1), 31–46.

Holz, M.,et al. (2000). Physical Chemistry Chemical Physics, 2(20), 4740–4742. 
Rogalinski, T., et al. (2005). Journal of Supercritical Fluids, 36(1), 49–58. © 2019 California Institute of Technology. Government sponsorship acknowledged.



ALExIA: Core & Extraction Cells

Beegle, L., et al. (2011). In 2011 Aerospace Conference (pp. 1–10). IEEE. 
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Extraction Procedure
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Low-Pressure Fluidics & Pre-characterization
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Internal Electrochemical Sensors

Atlas Scientific ©
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System Features & Telemetry
Vibrating Funnel & Sample Portioner Sample Carousel with Magnetic Encoder

Automated Cap Release Mechanism Sealing Mechanism with Force Sensor
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System Features & Telemetry II
High Pressure Pump, Valves and Gauge Internal Heater & Contactless IR Thermistor

Flow-Meter and Thermistor Miniaturized pH, ORP and EC Sensors
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Electronics and Firmware

Electronics V2.0

Specs:
§ 32 bit 180 MHz ARM Cortex-M4
§ SPI, I2C, UART, RS-485
§ Ethernet & wireless communication 
§ 50 W heater & IR thermistor circuitry
§ Pressure gauge and flow sensor
§ Control 12 valves and 3 pumps
§ 3 stepper motor controllers
§ Electrochemical sensing fro pre-

analysis of extract
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• Internal Extractor micro processor is 
hosting a “webserver”. 

• Easy to use, platform-independent GUI 
with no need to install firm- or software 
on control computer/rover. 

• Even wireless control by tablet/mobile 
device possible.

Graphical User Interface

© 2019 California Institute of Technology. Government sponsorship acknowledged.



ARADS Field Trip 2018
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Integration on KREX2 Rover
- ASE?

- ASE Data?

Next step… look for organics?

Atacama Desert Trip
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Remote operation testing of 
extractor on remotely operated rover
- ASE?

- ASE Data?

Next step… look for organics?

Atacama Desert Trip

Credit: NASA Ames/IRG© 2019 California Institute of Technology. Government sponsorship acknowledged.



Remote Operations/Comms
- ASE?

- ASE Data?

Next step… look for organics?

Atacama Desert Trip

Credit: NASA Ames/IRG© 2019 California Institute of Technology. Government sponsorship acknowledged.



Automated sample acquisition 
with drill and robotic arm
- ASE?

- ASE Data?

Next step… look for organics?

Atacama Desert Trip

Credit: NASA Ames/IRG/MDA/Honeybee Robotics© 2019 California Institute of Technology. Government sponsorship acknowledged.



Amino Acid Analysis by CE-LIF

Analysis as per Creamer et al. (2017)

§ Soil samples were brought back to 
JPL for extraction and analysis by 
capillary electrophoresis coupled to 
laser-induced fluorescence (CE-LIF).

§ 185 °C for 45 min

§ 12 to 217 nM

§ SCWE required: no amino acids 
extracted at room temperature.
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Total Amino Acid Abundance

Analysis as per Creamer et al. (2017)

§ Total amino acid abundance 
extracted at 185 °C for 45 min is 
comparable to what Amashukeli et 
al. reported in 2007 (200 °C for 30 
min).

§ No serine, as it degrades quickly 
at high temperatures

§ More work needed to increase 
extraction efficiency
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Enantiomeric Excess of Chiral AAs

Analysis as per Creamer et al. (2017)

§ Obtaining chiral information about 
amino acids is a key scientific 
benefits of using CE-LIF. 

§ Enantiomeric excess is a powerful 
indicator for biotic origin of AAs.

§ Excess of the L-form, as expected 
for samples containing terrestrial 
life.
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Electrochemical Analysis
§ Analyzed ORP, pH and EC of 

blank, cold and hot (same sample) 
extract.

§ ORP and pH remained almost the 
same, the electrical conductivity 
increased by an order of 
magnitude.

§ Room temperature water can 
effectively remove salts contained 
in the sample.

Extract ORP (mv) pH EC (µS/cm)

Blank (185 °C, 45 min) 313 ± 2 7.45 ± 0.05 130 ± 10

Cold (25 °C, 45 min) 311 ± 1 6.67 ± 0.05 1410 ± 10

Hot (185 °C, 45 min) 303 ± 2 7.50 ± 0.05 160 ± 10
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Summary & Outlook
- ASE?

- ASE Data?

Next step… look for organics?

Atacama Desert Trip

§ Liquid extraction is an enabling technique to measure 
AA and CA at PPB levels, e.g. by CE-LIF.

§ Demonstrated first remotely controlled end-to-end or 
“dirt-to-data” SCWE on a rover in the Atacama Desert.

§ Characterized the extract with electrochemical sensors.

§ Demonstrated extraction and subsequent chiral 
analysis of AA at nM concentrations. We found life!

§ Outlook: Return to Atacama Desert this fall and 
connect it to Chemical Laptop for end-to-end organic 
analysis. (see, The Chemical Laptop, Talk 211-7, M. 
Fernanda Mora, Today 3:00 – 3:15pm)
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Amino Acids as Biosignatures

Creamer, J. S., et al. (2017). Analytical Chemistry, 89(2), 1329–1337.
Willis, P. A., et al. (2015). Analytical and Bioanalytical Chemistry, 407(23), 6939–6963. 
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Subcritical Water Extraction (SCWE)
• Water is superheated and 

pressurized to keep it from 
boiling.

• Permittivity, viscosity, ionization 
constant and surface tension of 
water are decreased.

• Diffusion rate increased.
• The process dissolves organics 

and hydrolyzes proteins.
• We perform SCWE at < 250C to 

prevent thermal degradation of 
amino acids.

Teo, C. C., Tan, S. N., Yong, J. W. H., Hew, C. S., & Ong, E. S. (2010). Pressurized hot water extraction (PHWE). Journal of Chromatography A, 1217(16), 2484–2494.
Smith, R. M. (2002). Extractions with superheated water. Journal of Chromatography A, 975(1), 31–46. http://doi.org/10.1016/S0021-9673(02)01225-6.

Holz, M., Heil, S. R., & Sacco, A. (2000). Physical Chemistry Chemical Physics, 2(20), 4740–4742. 
Rogalinski, T., Herrmann, S., & Brunner, G. (2005). Production of amino acids from bovine serum albumin by continuous sub-critical water hydrolysis. Journal of Supercritical Fluids, 36(1), 49–58. 
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Teo, C. C., Tan, S. N., Yong, J. W. H., Hew, C. S., & Ong, E. S. (2010). Pressurized hot water extraction (PHWE). Journal of Chromatography A, 1217(16), 2484–2494.
Smith, R. M. (2002). Extractions with superheated water. Journal of Chromatography A, 975(1), 31–46. http://doi.org/10.1016/S0021-9673(02)01225-6.

Holz, M., Heil, S. R., & Sacco, A. (2000). Physical Chemistry Chemical Physics, 2(20), 4740–4742. 
Rogalinski, T., Herrmann, S., & Brunner, G. (2005). Production of amino acids from bovine serum albumin by continuous sub-critical water hydrolysis. Journal of Supercritical Fluids, 36(1), 49–58. 



Successfully set up remote comms
- ASE?

- ASE Data?

Next step… look for organics?

Atacama Desert Trip



Crucible Injector Interface

Beegle, L., et al. (2011). Sample handling and processing on Mars for future astrobiology missions. In 2011 Aerospace Conference (pp. 1–10). IEEE. 


